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ABSTRACT
 
The performance of a photovoltaic cell (PV) not only 
depends on the irradiance of the light but also depends 
on the surrounding temperature where it is installed. 
Solar is one of the innovative devices among 
photovoltaic cells. It is noticed that by increasing 
operating temperature, the efficiency of a photovoltaic 
solar cell decreases nearly 0.5% / 
o
C. Due to the rise 
in ambient temperature, it declines open circuit 
voltage, fill factor, generated power, overall efficiency 
etc. sharply. It creates an unbounded damage both for 
monocrystalline and polycrystalline photovoltaic cells 
applied for power usage. To restrain these limitations 
and get the functionate temperature specified by the 
industrialist proper cooling methods should be used 
mandatorily. Till now, it has not mentioned a detailed 
analysis on various cooling methods for photovoltaic 
solar cells to get a good outcome. This review paper 
represents an indication of several active and passive 
cooling ways such as air cooling , water cooling, heat 
pipe cooling, cooling by phase change materials, 
cooling by nanofluid fins, geographical position etc. 
briefly to improve the PV cell performance 
economically.   
 
Keywords: Colling method, Nanofluid, PV cells, Phase 
Change Material. 
 
INTRODUCTION 
The regular standardization of inhabitants 
in a country mostly is subjected to the 
industrialized development of the country 
and sequentially the improvement be 
governed by the energy obtainability as 
well as power depletion. It has been 
observed a deep-rooted relationship 
between the energy utilization and the high 
living regularization. A country utilizing 
greater per capita power outgoings can 
achieve qualified perception in every 
sector of the world comparing lower 
energy consumed countries [1]. Though 
maximum countries uses various types of 
fossil fuels e.g. coal, oil, gas, diesel, 
petroleum etc. to mitigate their power 
demand, already the sources have been 
restricted by many sectors [2]. Again, the 
energy made from fossil fuels creates 
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dangerous waste products and 
environmental pollution which has become 
the threaten intimidation of the world [3]. 
At this situation, renewable energy can 
overcome these abridgements. Among the 
renewable sources, solar power is one of 
the innovative solutions in any remote 
corner of the world. From the sun, nearly 
1.8x10
11
 MW power is captured by the 
earth and this is millenary times higher 
than the energy expenditure from whole 
resources [4]. Solar spectrum power never
 
 
(a)                                                          (b) 
Figure 1: Power vs Voltage curve at (a) constant temperature (b) constant solar radiation [15]. 
 
pollutes the environment, as a result 
greenhouse effect can be reduced 
enormously and the remaining fossil fuel 
sources can be preserved for the next 
generation. Power obtained from solar 
spectrum was first introduced by 
Alexandre Edmond Becquerel in 1839 and 
Russell Ohi invented solar cell in 
1941[5,6]. Falling of solar spectrum on the 
PV cell contains photons which are 
absorbed by the photovoltaic (PV) 
materials. The photons which carry energy 
more than the band gap of the used 
materials can carry the movement of 
electron [7, 8]. Thus electricity can be 
produced to a peripheral load of the PV 
cell. For a PV cell, absorbing solar 
spectrum’s wave length is sharply 
characterized from 500 nm to 1200 nm [9]. 
In the laboratory the transfiguration 
productivity of the PV cell has been 
obtained up to 29% and that is industrially 
found from 12% to 14% [10, 11]. Rise in 
working temperature of the PV cells 
reduces open circuit voltage (Voc), fill 
factor and power production 
approximately 2–2.3 mV/°C, 0.1–0.2%/°C 
and 0.4–0.5%/°C accordingly and upsurge 
short circuit current (Isc) up to 0.06–
0.1%/°C for mono and polycrystalline PV 
cells as well. It brings about the 
irretrievable  power loss damaging the cell 
material [12]. E. Radziemskab [13]  
experimented on the temperature effect of 
crystalline silicon solar cell’s power-
efficiency. He proved the reduction of 
open circuit voltage, photo current, fill 
factor, maximum electric power and 
efficiency because of the growth of 
ambient temperature. The experimental 
result is shown in Table 1 [13]. Roberto 
Francisco Coelho [14] experimented on 
PV surface thermal dimension for 
different temperature and light intensity 
which has been shown in Fig. 1. S. 
Chander [15] studied of the cell 
temperature effect on the mono-
crystalline silicon solar cell. It was 
informed the drop of open circuit 
voltage, maximum power, fill factor and 
efficiency with the rise of cell 
temperature. F. Zaoui [16]. Deliberated 
a combination of experimental and 
simulation discussion on the 
achievement of solar spectrum and 
temperature on PV cells. As a result, 
suitable cooling system is necessary to 
eliminate the heat of the solar cell to 
improve the efficiency of the solar PV 
cell.
 
Table 1: Performance of a PV module at different temperatures [13]. 
Temperature Voc  (volt) Iph (ampere) Power (Watt) Fill factor Efficiency (%) 
25
o
C 42.18 2.545 79.60 0.724 13.3 
60
o
C 34.75 2.555 61.28 0.690 10.3 
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PHOTOVOLTAIC TECHNOLOGY  
Semiconductor materials are the principal 
part of the photovoltaic scheme. Any 
requirement of voltage and current 
convention can be obtained by the making 
ready of series and parallel PV cells 
nourishing balance of system (BOS) [17]. 
BOS can be applied for Maximum Power 
Point Tracking (MPPT), GPS solar 
tracking, solar spectrum sensing etc. 
Moreover, PV cells can be classified from 
various points such as applied materials, 
interfacing with loads, installation modes, 
tracking facility, geometrical module 
system complexity etc. which are listed 
shortly  in Table 2 [18]. 
 
Table 2: PV system classification[18]. 
Classified categories Entitle 
PC cell materials 
1) Silicon based PV 
a. Crystalline silicon PV 
i. Monosilicon (m-Si) PV 
ii. Polysilicon (p-Si) 
b. Amorphous silicon (a-Si) PV 
I. Single junction 
II. Double junction 
III. Triple junction 
2) Group III-V material based PV 
3) Thin film solar cell (TFSC) based PV 
a. a-Si based PV 
b. CdS/CdTe based PV 
c. CIS/CIGS based PV 
4)    Dye sensitized solar cell (DSSC) based PV 
5)    Organic/Polymer based PV 
Load interfacing 
1) Grid connected PV 
2) Off-grid or Standalone PV 
Installation mode 
1) Building integrated PV (BIPV) 
2) Rack-mounted PV (RPV) 
a. Roof-top RPV 
b. Ground-mounted RPV 
Tracking capability 
1) Tracking system PV 
2) Fixed tilt PV 
Geometrical module 
1) Flat plate PV (FPPV) 
2) Concentrator PV (CPV) 
System complexity 
1) Simple PV arrangement (applying only PV) 
2) Hybrid photovoltaic thermal system (PVT) 
 
 
Figure 2: Schematics of PVT technology [20]. 
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Photovoltaic thermal technology 
Only single generation from PV cells is 
not sustainable source for economic 
factors. Therefore, researchers are trying to 
find co-generation or tri-generation 
systems from any renewable sources. PVT 
system can be brought together as 
photovoltaic (PV) module and solar 
thermal paraphernalia that can generate 
both electricity and heat as an end result is 
shown in Fig. 2 [19] [20]. The PVT system 
uses a solar thermal collector to remove 
heat from the PV module and maintains an 
acceptable thermal situation to produce 
electricity and improves the overall 
situation of the module. In the early years, 
Wolf [21], Florschuetz [22], Kern and 
Russell [23] and Hendrie [24] used air and 
water as the heat transporting fluid to keep 
the optimum temperature of the PV solar 
module. Luque et al.[25] Investigated on 
the Concentrated Photovoltaic Thermal 
(CPVT) module utilizing heat pump 
equipment. A positive opportunity of 
building-integrated photovoltaic thermal 
(BIPVT) was informed by Clarke et al. 
[26]. Moshfegh, Sandberg [27] and 
Brinkworth et al. [28].
 
Table 3: PVT collector classification [18]. 
Classified Categories PVT Collector Entitles 
Geometrical module 
1) Flat plate PVT collector (FPPVT) 
2) Concentrator PVT collector (CPVT) 
Installation mode 
1)Standalone PVT system 
2) Building integrated PVT system (BIPVT) 
a. BIPVT/air system (BIPVT/a) 
b. BIPVT/water system (BIPVT/w) 
Heat transferring fluid 
1) PVT air collector (PVT/a) 
        a. Unglazed PVT/a 
        b. Single glazed PVT/a 
        c. Double glazed PVT/a 
        d. Glazed double-pass PVT/a 
2) PVT water collector (PVT/w) 
        a. Low-temperature application PVT/w (e.g. 
            swimming pool water heating) 
 b. Medium-temperature application PVT/w 
     (temperature around 55
o
C,e.g.domestic 
     hot water supply) 
3) PVT-Nanofluid Collector 
Special heat 
transmission equipment 
1) Heat pipe based PVT 
2) Micro-channel based PVT 
3) Heat spreader based PVT 
4) Jet impingement based PVT 
 
PHOTOVOLTAIC-THERMAL (PVT) 
SYSTEM CATEGORIES 
According to different sights, PVT 
collectors has been classified into some 
categories such as geometrical module, 
installation mode, heat transfer fluid, 
special heat transmission equipment etc. 
which are represented in Table 3 as well as 
a brief has been given individually below 
[18], [29–32]. 
 
GEOMETRICAL MODULE 
According to geometrical module, PVT 
collector has been classified into two 
categories which are Flat plate PVT 
collector (FPPVT) and Concentrator PVT 
collector (CPVT). FPPVT system includes 
thermal collectors more comparing with 
CPVT system because of its guileless 
design and utilization. In contrast, CPVT 
system can operate at high effective 
temperature due to the production of high 
thermal energy. 
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INSTALLATION MODE 
PVT system has to install over a proper 
space e.g. ground, building etc. from 
where heat transmission has to collect 
effortlessly. In relation to this issue, PVT 
collector system can be classified into two 
categories which are standalone PVT 
(SPVT) system and building integrated 
PVT (BIPVT) system. Generally SPVT 
system has to install over the ground and 
BIPVT system is involved with various 
parts of a building such as rooftop, 
window etc. In this case air or water is 
used as heat transmission fluid. 
 
HEAT TRANSFERRING FLUID 
It is mandatory to collect heat from the 
PVT system by any fluid to operate the PV 
module effectively. For this reason, 
PVT collector system has been 
classified into two categories and they 
are PVT air collector (PVT/a) system 
and PVT water collector (PVT/w) 
system. (PVT/w) system is effective in 
comparing with (PVT/a) system, but 
(PVT/a) system is more popular due to 
its simple construction and cost 
involvement. Again (PVT/a) system can 
be classified into some categories e.g. 
Unglazed PVT/a, Single glazed PVT/a, 
Double glazed PVT/a, Glazed double-
pass PVT/a etc. To remove heat, water 
is the most widespread fluid for the 
PVT/w system. Water can absorb heat 
that can be utilized in domestic and 
industrial purposes. A schematic design 
of PVT/w and PVT/a collector has been 
shown in Fig. 3 [33]. 
 
 
Figure 3(a): Schematic diagram. 
 
 
(b) 
Figure 3: (b) PVT/w and PVT/a [33]. 
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THERMAL SUPER VISION OF THE 
PHOTOVOLTAIC SYSTEMS 
It is compulsory to control the thermal 
management to enhance the efficiency of 
the PVT module. Generally 25
o
C and 1000 
W/m
2
 circumstance is maintained as ideal 
atmospheric condition for the PV module 
[34]. But it is tough to keep the ideal 
condition all day long. Specially in the 
summer season, the temperature of the PV 
module becomes too high to decrease the 
overall efficiency. 
  
 
 
 
 
 
        
 
 
 
 
Figure 4: Enhancement of PV cell Power. 
 
 
Figure 5: Cross-sectional sight of PVT/air collector model[37]. 
 
conserving, heat pipes utilization, 
application of phase change material 
(PCM) etc. can be used to keep the 
operating temperature in a range [35, 36]. 
Several types of thermal superintendence 
techniques are discussed in below. 
 
AIR COOLING 
Air is the most popular cooling component 
than any other materials. Air can be blown 
as natural or forced convection namely 
passive and active cooling respectively. 
Fans or blowers can be In-situ 
measurement was considered in 46° 27’ 
28’’ N, 11° 19’ 43’’ E, 247 meters above 
sea level with five utilized for forced 
convection. Armstrong [38], Kapsalis [39] 
and  Indu Gowda [40] brought some 
discussions on air cooling system. 
Peyvand Valeh-e-Sheyda [1] experimented 
on the performance of micro channel solar 
cell using two fluids as air and water 
(shown in Fig. 4). The density and 
viscocity of air was 1.185 kgm
-3
 and 
1.831x 10
-5
 respectively. The experiment 
was completed in a constant temperature 
22
o
C and 1 atmospheric pressure. It was 
considered water and air flow rate about 
88 ml min
-1
 and 4.20 l min
-1
 respectively 
to obtain maximum power output growth 
as 1.61 W. Cătălin George Popovici [41] 
presented a numerical methodology of PV 
PVT/AIR – FIN + UNGL 
Fins 
PVT/AIR – REF + UNGL 
PV module 
Back wall 
PVT/AIR – TMS + UNGL 
                                             Lower channel 
                                              Upper channel 
TMS 
Sheet 
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cooling technology using air cooled heat 
sinks. The cell size for the heat sink and 
air channel was about 0.002 m and 0.008 
m respectively. Nuri G€ okmen [42]. 
investigated on the tilt angle variations 
with annual energy evaluation allowing for 
with and without wind speed. The tilt 
angle was varied between 0.11
o
 to 0.80
o
, 
0.18
o
 to 0.83
o
, and 0.11 to 0.53
o
 for 
seasonally, monthly and semi-yearly 
respectively. J.K. Tonui [37]. 
experimented on air-cooled 
photovoltaic/thermal (PV/T) solar 
collector which is shown in Fig. 5. using 
thin flat metallic sheet. The air channel 
was used as typical (REF) and modified 
(TMS and FIN). The REF was used for 
single air channel and the TMS was used 
for double air channel.  30% efficiency 
was obtained for the forced convection by 
emanating 60 m
3
h
-1
 flow rate. modules by 
C. Schwingshackl et al. [43]. Erdem Cuce 
[2]  investigated on a numerical and 
experimental arrangement for silicon PV 
solar cell which increased energy 
efficiency, power conversion efficiency 
and exergy efficiency 3.22%, 10.27% and 
19.77% respectively. Namjoo [4] 
constructed an experiment which increased 
the exergy efficiency from 9.8 to 11.1% by 
varying the wind speed from 0 to 10 ms
-1
 
(shown in fig. 7). They found the 
optimized ambient temperature, solar 
irradiance and wind velocity for 300 K, 
700 Wm
-2
 and 1ms
-1
 respectively. Riad 
Khenfer [5] proposed a system which was 
consist of two parts and they were thermo-
generator and cooling fan to improve the 
PV solar efficiency.  
  
WATER COOLING 
Among the liquid cooling fluids, water is 
the most popular fluid. Water can be used 
as active or passive cooling fluid easily. 
Wu and Xiong [44] offered the passive 
water cooling method applying gas 
spreading. Dorobanțu et al. [45], Rahman 
et al. [46], Moharram et al. [47], Rodgers 
and Eveloy [48], Matsuka [49] and many 
researchers brought some studies on PV 
water cooling technology. Mehrotra et al. 
[50], Zhu et al. [51] and Xiang et al.[52] 
Irritated for the reduction of PV 
temperature by water cooling technology. 
Mohammad Sardarabadi [53] 
experimented on the water cooling PV 
technology comparing pure water and 
silica (SiO2)/water nanofluid by weight 
1% and 3% respectively. Y. Khanjari [6] 
studied on the performance of water 
cooled PVT technology utilizing  Ag-
water and alumina-water nanofluid 
applying computational fluid dynamics 
(CFD). H. Bahaidarah [7] experimented on 
the water cooled PV technology utilizing a 
cooling panel. They applied the MPPT 
technique as well as flow meter to measure 
the water buoyancy collected from the 
insulated water tank or water pump 
(shown in Fig. 6). Sleiman Farah [8] tested 
on the PVT and thermal (PVTT) collectors 
for module as well as observed electrical 
power difference between PVTT and PVT 
nearly 185 and 159 W in summer and 
winter respectively. Y.M.Irwan [9] 
researched for water cooled PV technology 
utilizing halogen lamp bulbs and dc water 
pump. It was obtained maximum power 
output was 19.87 W due to the reduction 
of 5 to 23 ˚C temperature. Monia 
Chaabane [10] improved a water-cooled 
concentrated photovoltaic (CPV) system 
applying three-dimensional computational 
fluid dynamics model at 315.5 K 
temperature. Tiwari [11] investigated on 
the hybrid PVT water collector using 
energy payback time with balance-of-
system (BOS). SAAD ODEH [12] 
proposed PV water cooling system for 
watering drives using water trickling 
system on the PV surface which added 
15% system more output power. Xinqiang 
Xu [54] designed tree-shaped channel 
networks using hybrid concentrating 
photovoltaic/thermal (HCPV/T) water 
collector at 25
o
C cooling temperature. 
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Figure 6: Schematic diagram of the experimental setup [7]. 
 
 
Figure 7(a): Effect of water flow rate on electrical efficiency[55]. 
 
 
Figure 7(b): Effect of water flow rate on thermal efficiency[55]. 
 
Table 4: Choice of working fluid for heat pipes [57]. 
Working fluid Acetone Ammonia Ethane Methanol Water R-11 and R-22 
Operating 
temperature (°C) 
-48 to 125 -75 to 125 -150 to 25 -75 to 120 1 to 325 20 to 100 
Shell  materials Aluminum, 
Stainless 
steel 
Aluminum, 
Stainless 
steel 
Aluminum Copper, 
Stainless-
steel 
Copper, 
Monel, 
Nickel, 
Titanium 
 
Copper 
Insulated 
water tank 
MPPT 
Pump 
Water 
inlet 
Flow 
Mete
r 
PV module 
with cooling 
panel 
Water 
outlet 
 
LOAD 
BATTERY + - + - 
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Masayuki Fujii [55] used water-cooled 
equipment to compare between two PV 
modules. Bin Du [56] improved an active 
water-cooling system for the concentrated 
photovoltaic (CPV) system which resulted 
output electricity of CPV cell 4.9 times 
more than the fixed cell. The effect of 
water flow rate on electrical and thermal 
efficiency is shown in Fig. 7(a) Fig. 7(b) 
respectively. 
 
HEAD PIPE COOLING SYSTEM 
Generally the heat pipe includes 
evaporator section, adiabatic section and 
condenser section where evaporator 
section absorbs heat, condenser section 
rejects heat and the adiabatic section stays 
apart. Copper and aluminum materials are 
used as heat pipe wick and wall materials 
for -20°C to 100°C temperature range. The 
optimal of working fluid for various heat 
pipe materials is presented in Table 4. W. 
G. Anderson [57] discussed on the heat 
pipe cooling system of Concentrating 
Photovoltaic (CPV) Cells copper/water 
heat pipe by natural convection with 
aluminum fins.. Xiao Tang [58] used heat 
pipe array for solar panel cooling 
technology with air-cooling system. They 
compared the proposed system with the 
ordinary solar panel where the efficiency 
differed nearly 2.6%. Akbarzadeh [59] 
experimented on the heat pipe-based 
cooling systems under concentrated solar 
radiation to get solar flux reflection 
regularity. Sandeep Koundinya [60] tried 
to reduce the operating temperature of the 
PV panel using finned  heat pipe 
technology H. Jouhara [61] designed flat 
heat pipe based homogenous cooling 
system which improved electrical output 
nearly 15% (Fig. 8). Shuang-Ying  Wu 
[62] investigated on the Building-
integrated  photovoltaic/thermal  (BIPV/T)  
system to solve the non-uniformity cooling 
process with the wick heat pipe.  P. 
Bourdoukan [63] studied solar desiccant 
cooling system with HPVT collectors 
comparing with the flat-plate collectors. 
Zhao Xuxi [64]. compared between heat-
pipe solar water heating (HP-SWH) and 
heat-pipe photovoltaic/thermal (HP-PV/T) 
(shown in fig-13) where extra output 
electricity was obtained in China, Hong 
Kong, Lhasa, and Beijing for 73.019, 
129.472 and 90.309 kWh/m
2
 per unit 
collector area from the HP-PV/T system 
respectively.  
 
NANOFLUID COOLING SYSTEM 
Nanotechnology acts as a significant role to 
enhance the efficiency of the PV technology. 
In recent years, researchers focused 
inclination for nanofluid technology. 
Nanofluids consist of two pars which are 
based on fluid or liquid and nanosized 
particles or nanomaterial. Nanofluid 
technology can be used for thermal collection 
and electrical conversion in PV cooling 
development [65]. Utilization of nanofluids 
can enrich the PV performance significantly. 
Several researchers have already investigated 
on the PV cooling system using nanofluid 
technology. 
 
 
Figure 8: Cooling effects on the electrical output from PV/T heat mats [61]. 
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Samir Hassani [66] studied on the 
nanofluid based PV cooling system 
comparing the separate channel (D-1) with 
the double pass design (D-2). on the 
nanofluid based PV cooling technology 
utilizing the straight and helical channels. 
Nooshin K [67]. Natasha E. Hjerrild [68].  
accomplished an experiment (Fig. 9) at 40 
to 60
o
C using Ag–SiO2 nanodisc 
concentration (0.026 wt%) which 
improved the  electrical efficiency 
nearly 6.6%+0.5%. Oussama Rejeb [69] 
investigated on the numerical and 
experimental studies which performed 
1.18% and 0.7% RMS values for PV 
cells and nanofluid outlet temperature 
respectively. The temperature effect on 
the PV module numerical and 
experimental involvement is shown in 
Fig. 10 
 
 
Figure 9: Schematics of experimental set-up [68]. 
 
 
Figure 10: Simulation results of the cell-surface and nanofluid temperature [68]. 
 
Zelin Xu [70] used dilute nanoparticle 
suspensions to increase the  efficacy of the 
CPV/T system fixing 62
o
C nanofluid 
outlet temperature of the silicon solar cell. 
Robert A. Taylor [71] studied nanofluid-
based optical filters for PV/T systems 
where maximum efficiency was found 
76.1% for CdTe by means of the 
conventional filter with H2O. Guoying Xu 
[72] evaluated the performance of a solar 
thermal collector utilizing the magnetic 
nanoparticles to form an array structure. 
They found the optimum instantaneous 
efficiency and heat loss coefficient using 
magnetic nanoparticles for 0.742 and 8.41 
respectively.  
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PHASE CHANGE MATERIALS 
BASED COOLING SYSTEM 
In the form of latent heat Phase changing 
materials (PCM) can store energy getting 
very small temperature difference. 
Thermal energy can be stored in the PV 
modules by means of PCM as a higher 
graded energy resource. PCM can store 5–
14 times more energy per unit volume 
comparing the conventional materials like 
water, concrete rock etc. [73]. In the 
practical life there always remains 
difference between the demand and the 
produced power. To overcome the 
limitations solar energy can store the 
thermal energy to ensure the heat 
availability at night time. Many 
researchers worked on the PCM based PV 
cooling technology. Hasan [74] evaluated 
Five PCMs (heat of fusion ranged from 
140–213 kJ/kg) at three insolation 
intensities for four several  PV/PCM 
systems. 
 
Christopher J. Smith [75] simulated one–
dimensional Energy balance model which 
raised Energy performance nearly 6%. They 
varied temperature from 0 to 50
o
C to 
ascertain the PCM optimal melting 
temperature with PCM aluminum layer. Rok 
Stropnik [76] constructed an experimental 
arrangement and heat removal system from 
the PV panel which was simulated by the 
TRNSYS software. They noticed that 
temperature of the PV panel (without PCM) 
was 35.6 deg. C which was effective than a 
conventional panel (Fig. 11). 
  
 
Figure 11: Efficiency of conventional PV and PV-PCM panel during the year. 
 
Tengfei Cui [77]. examined on the four 
types of PV cells such as c-Si, CIGS, 
single-junction GaAs, and 
GaInP/InGaAs/Ge (III–V) to construct a 
PV–PCM–TE hybrid system (shown in 
fig. 12) to reduce the temperature 
irregularity effect and operate under a 
constant condition. 
 
 
Figure 12: The proposed PV–PCM–TE hybrid system diagram[77]. 
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C.J. Ho [78]. constructed a 
microencapsulated phase change material 
photovoltaic (MEPCM-PV) panel which 
was floated on the water surface to 
investigate the module performance at the 
summer atmospheric situations. The 
average generation performance was 
obtained 19.61%, which was improved to 
2.1% comparing to the untreated PV 
output. H.M. Yin [79]. built a building 
integrated solar roofing system which was 
inserted into a diaphanous shielding layer 
and a functionally graded material (FGM) 
layer (mixture of aluminum metal and 
polyethylene with water tubes) to reduce 
the PV efficiency loss comparing to the 
conventional PV system. C.S. Malvi [80] 
experimented on the PV solar thermal 
system which was attached with the phase 
change material. Shivangi Sharma [81] 
combined PCM with Building-Integrated 
Concentrated Photovoltaic (BICPV) 
system at indoor atmospheric condition 
using the solar irradiance for 1000 Wm
-2
. 
Farouk Hachem [82] compared among 
three PV prototypes using pure PCM 
(White petroleum jelly), without PCM and 
combined PCM (white petroleum jelly, 
copper, and graphite) to observe the 
thermal behavior and electrical 
characteristics of the PV panels.  
 
FUTURE CHALLENGES AND 
DISCUSSION  
Photovoltaic components are important 
materials due to the present energy 
scenario in all over the world. In this 
modern time, the improvement of PV 
efficiency has become an innovative issue 
for the real time application. The 
researchers are trying to enhance the PVT 
proficiency regarding to the temperature 
involvement. For the below reasons; 
 Air cooling based PV technology 
should be installed in the geometric 
locations where air fluency is available 
during all over the world. 
 Water trickling system can be used as 
the PV cooling technology where the 
PV efficiency can be upgraded from 
10% to 15% by means of reducing the 
PV surface temperature from 17
o
C to 
26
o
C. 
 Various types of liquids can be used as 
the working fluid by which the 
efficiency of the heat pipe based PV 
cooling technology can be rosen up-to 
15%.  
 In case of nanofluid based PV cooling 
technology, numerous categories of 
nanoparticles such as Cu/ethylene 
glycol, Al2O3/water and Al2O3/ 
ethylene glycol, Boehmite 
(AlOOH.xH2O), Ag-SiO2 etc. can be 
used (concentration from 0.001% to 
1.5%) where the electrical efficiency 
can be improved from 6% to 11% and 
the thermal efficiency can be improved 
up to 59%. 
 
CONCLUSION 
This report represents some experimental 
and theoretical readings to improve the 
efficiency of solar photovoltaic cells with 
the help of various effective cooling 
methods. The optimum cooling solution 
also depends on quite a lot of issues for 
instance system procedure, engaged 
methodology, geometric concentration, 
atmospheric circumstance, solar 
irradiance, temperature effect etc. Several 
technologies for example air, water, heat 
pipe, nanofluid and PCM were applied to 
extract heat from the PV solar modules. 
Moreover, evaporation cooling technique 
of bionic method can be used as an 
effective cooling scheme and they are 
recommended for further research to 
enhance the cooling effect 
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